Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 




Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



2/12 



10 



13 



DRIVER COMMAND 



STEERING FEEL 



-SWA 
-SWR 
-SWT 



-VEHICLE SPEED 
-LATERAL ACCELERATION 
-YAW RATE 
-IGNITION MODE 



12 



FEED BACK CONTROL 
FOR ROAD FEEL 



DRIVER RELAY 
MOTOR CONTROL 



SENSOR 
FEEDBACK 




SENSOR 
FEEDBACK 



16 



DRIVER RELAY 
MOTOR CONTROL 



-ROAD CONDITION 
-STEERED WHEEL POSITION 
•STEERING FORCES/TORQUES 




SUSPENSION 
(MOUNTING, NVH) 



Fig. 2A 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



4/12 



1 2 3 



B 



C 



X 

^ — 


FRONT 
ROAD 
WHEEL 
ACTUATOR 


STEERING 
SENSORS 


FRONT 
ROAD 
WHEEL 
SENSORS 


REACTION 
TORQUE 
GENERATOR 


x 


X 




X 




Y 7 


N / 


N / 


N / 
/ N 


N / 
/ Y 


N / 

/ /n 


X 


FRONT 
ROAD 
WHEEL 
ACTUATOR 




Y / 
/ N 


Y / 
/ N 


Y / 
/ N 


Y / 
/ Y 


N / 
/ N 


N / 
S Y 


N 


N / 
/ v 


REAR 
ROAD 
WHEEL 
ACTUATOR 


x 


Yy/ 


Y / 


Y / 
/ Y 


y y 

N 


Y 


n7 


X 


N / 


N / 
/ Y 


N / 
/ M 


X 



V 

Fig. 2C 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



r 



•S130 



5/12 




START 



S136 



ENGAGE CLUTCH 



FRONT 
ROAD WHEEL 
ACTUATOR 
MALFUNCTION? 



Al 



S132 



DEACTIVATE REACTION TORQUE 
GENERATOR AND FRONT ROAD 
WHEEL ACTUATOR. 
OPERATE IN MANUAL MODE 
WITH R EAR S TEERING. 

I 



S138 



END 



— S140 



S142 



ENGAGE CLUTCH 



N 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S144 



END 



— S146 



N 



ENGAGE CLUTCH 



•S148 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



•S150 



END 



— -S152 



N 



DISENGAGE 
CLUTCH 

I 



-S154 



N 



S134 



OPERATE IN 
STEER-BY- WIRE MODE 
WITH REAR STEERING. 



S156 



END 



S158 



Fig. 3 



_l 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



r 



S162 



N 



N 



START 



REACTION TORQUI± \ Y 
GENERATOR 
lLFUNCTIONZ 



ENGAGE CLUTCH 

I 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



I 




END 



— SI70 

S172 



ENGAGE CLUTCH 



N 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



I 



S174 



END 



— S176 



ENGAGE CLUTCH 



■S178 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



•S180 



END 



•S182 



DISENGAGE 
CLUTCH 



•S184 



N 



OPERATE IN 
STEER-BY- WIRE MODE 
WITH REAR STEERING. 



-S186 



END 



•S188 



Fig. 4 



_J 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



r 



7/12 



•S190 




S192 



START 

ENGAGE CLUTCH 
I 



DEACTIVATE REACTION TORQUE 
GENERATOR AND FRONT ROAD 
WHEEL ACTUATOR. 
OPERATE IN MANUAL MODE 
WITH REAR STEERING. 

r~i~ 




S198 



END 



— S200 



S202 



ENGAGE CLUTCH 



N 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S204 



END S206 



N 



ENGAGE CLUTCH 



I 



■S208 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



— S210 



END 



•S212 



N 



DISENGAGE 
CLUTCH 



• S214 



N 



OPERATE IN 
STEER-BY-WIRE MODE 
WITH REAR STEERING. 



S216 



END 



S218 



Fig. 5 



_J 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et a!. 
Attorney Docket No. 10541-1777 



8/12 



•S220 




S222 



START 



ENGAGE CLUTCH 
I 



DEACTIVATE REACTION TORQUE 
GENERATOR AND FRONT ROAD 
WHEEL ACTUATOR. 
OPERATE IN MANUAL MODE 
WITH REAR STEERING. 
I 




S228 



END 



— S230 



ENGAGE CLUTCH 



S232 



N 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S234 



END — S236 



N 



ENGAGE CLUTCH 



-S238 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



— - S240 



END 



•S242 



N 



DISENGAGE 
CLUTCH 



I 



■S244 



N 



S224 



OPERATE IN 
STEER-BY-WIRE MODE 
WITH REAR STEERING. 



•S246 



END — S248 



Fig. 6 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



9/12 



-S250 




START 



ENGAGE CLUTCH 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 




END 



— -S260 



S262 



ENGAGE CLUTCH 



N 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S264 



END — S266 



N 



ENGAGE CLUTCH 



•S268 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S270 



END 



■S272 



N 



DISENGAGE 
CLUTCH 



S274 



N 



OPERATE IN 
STEER-BY-WIRE MODE 
WITH REAR STEERING. 



S276 



END 



■S278 



Fig. 7 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



10/12 



•S280 




START 



ENGAGE CLUTCH 



DEACTIVATE FRONT & REAR 
ROAD WHEEL ACTUATORS, 
OPERATE IN EPAS MODE 
WITHOUT REAR STEERING. 




END 



— S290 



.S292 



DISENGAGE 
CLUTCH 

I 



N 



DEACTIVATE REAR 
ROAD WHEEL ACTUATOR 
OPERATE IN 
STEER-BY-WIRE MODE 
WITHO UT REAR STEERING. 
I 

•S296 



S294 



END 



N 



ENGAGE CLUTCH 



I 



-S298 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S300 



END 



•S3 02 



N 



DISENGAGE 
CLUTCH 



-S304 



N 



OPERATE IN 
STEER-BY-WIRE MODE 
WITH REAR STEERING. 



— S306 



END 



■S308 



Fig. 8 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



11/12 



■S310 




START 



ENGAGE CLUTCH 



I 



DEACTIVATE REACTION TORQUE 
GENERATOR AND REAR ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITHOUT REAR STEERING. 




END — . S32 o 



DISENGAGE 
CLUTCH 

I 



-S322 



N 



DEACTIVATE REAR ROAD 
WHEEL ACTUATOR, OPERATE 

IN STEER-BY-WIRE MODE 
WITHOUT REAR STEERING. 



S324 



END 



— S326 



N 



ENGAGE CLUTCH 



•S328 



DEACTIVATE REACTION 
TORQUE GENERATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



~^S330 



END 



•S332 



N 



DISENGAGE 
CLUTCH 

I 



S334 



N 



S3 14 



OPERATE IN 
STEER-BY-WIRE MODE 
WITH REAR STEERING. 



— S336 



END 



S338 



Fig. 9 



Patent Application for: MOTOR VEHICLE STEERING SYSTEM 
Inventor(s): MUQTADA HUSAIN et al. 
Attorney Docket No. 10541-1777 



12/12 



■S340 




START 



ENGAGE CLUTCH 



DEACTIVATE FRONT & REAR 
ROAD WHEEL ACTUATORS, 
OPERATE IN EPAS MODE 
WITHOUT REAR STEERING. 




END 



— S350 



S352 



DISENGAGE 
CLUTCH 



N 



.DEACTIVATE REAR ROAD 
WHEEL ACTUATOR, OPERATE 

IN STEER-BY-WIRE MODE 
WITHOUT REAR STEERING. 



S354 



END — S356 



N 



ENGAGE CLUTCH 



•S358 



DEACTIVATE FRONT ROAD 
WHEEL ACTUATOR, 
OPERATE IN EPAS MODE 
WITH REAR STEERING. 



S360 



END 



•S362 



N 



DISENGAGE 
CLU TCH 

I 



•S364 



N 



OPERATE IN 
STEER-BY-WIRE MODE 
WITH REAR STEERING. 



"S366 



END 



S368 



Fig. 10 



